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Attosecond streaking has become a well-established technique for pulse analysis [1] and a versatile
tool for the investigation of timing in photo-induced electronic processes [2, 3]. While the latter
lab-based experiments apply an XUV-pump–IR-probe scheme, we have extended the method to
an XUV-pump–THz-probe approach at an FEL. The basic idea of a streaking measurement is to
monitor the energy or momentum of photoelectrons or secondary electrons as a function of the
time delay between pump- and probe-pulse. Depending on the delay the electrons experience a
time-dependent momentum shift ∆p(t) in the THz field E(t):

∆p(t) = e
∫ ∞
t

E(t′)dt′ = eA(t), (1)

where e denotes the charge of the electron and A(t) the vector potential. Thus, the expected mo-
mentum shift is maximal for the zero crossing of the electric field and zero for field maxima and
minima.
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Figure 1: (a) Photoelectron momentum spectrum for Ne recorded with XUV only. Spectra of streaked pho-
toelectrons are shown for the (b) most positive and (c) most negative momentum shift due to the additional
electron momentum gained in the THz field. Additionally, projections onto the px axis, the polarization di-
rection of the XUV and the THz field, are drawn in the upper panels. The direction of the momentum shift is
indicated as a colored sphere. (d) Delay-dependent electron momentum spectrum for all observed electrons.

In this experiment we have investigated the photoelectron emission in Ne by means of the THz
streaking technique. The XUV pulses of 59.4 eV were delivered by FLASH and the THz pulses



of 152 µm with a duration of roughly 5 ps were generated by a special THz undulator [4]. As
both pulses are produced by the same electron bunch, the associated XUV- and THz-pulses are
intrinsically synchronized. The beams were focused into a supersonic Ne gas jet and the created
charged fragments were detected by means of a reaction microscope [5]. Full 4π acceptance for all
ejected photoelectrons was achieved by superimposing a homogeneuos electric (18.6 V/cm) and
magnetic field (15.5 Gs), steering the electrons onto a time- and position-sensitive detector.
A photoelectron spectrum recorded solely with XUV pulses is shown in Fig. 1(a), featuring rings
of distinct momentum, that correspond to 2p and 2s electrons. Low-energetic photoelectrons from
shake-up (su), i.e. the emission of a photoelectron into the continuum is accompanied by excitation
of a residual bound electron into a satellite state, are indicated in a dashed white circle. With the
THz-field turned on a clear shift of the photoelectron rings along the THz-polarization axis (x-
direction), in particular for the 2p-line, is present (cf. Fig. 1(b) and (c)). The electron momentum
px as a function of the time delay is shown in Fig. 1(d). The time-dependence of the photoelectrons
maps the shape of the THz-pulse from which we extracted the above given THz parameters and a
field strength of 1.2 ·10−5 a.u.. Applying the approach of [6] we were able to extract the XUV pulse
duration of (150 ± 50) fs.

References
[1] J. Itatani et al., PRL 88, (173903), 2002
[2] M. Drescher et al., Nature 419, (6909), 2002
[3] M. Schultze et al., Science 328, (5986), 2010
[4] N. Stojanovic and M. Drescher, J. Phys. B 46, (192001), 2013
[5] J. Ullrich et al., Reports on Progress in Physics 66, (1463), 2003
[6] U. Frühling et al., Nature Photonics 3, (10), 2009


